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Abstract: Measurement campaigns investigating hydro- and morphodynamic parameters in the 
Mekong Delta were conducted during the wet and dry season of 2018. The measurements focused on 
a 20 km riverine stretch in the Tien River branch between the cities of Sa Dec and Vinh Long, 
approximately 95 km upstream of the river mouth at the South China Sea. Massive bank erosion was 
observed in the study area, with the measurements supporting the hypothesis that sand mining is the 
main driver for this development. The relation between excavated material and the natural backfilling 
by bed load transport of sediments was found to be at a massive imbalance. The observed bed load 
transport can only replenish less than 1 % of the material excavated, leading to deep scouring holes 
and the exacerbation of erosional processes in the area. The continuation of current sand mining 
practices and implementation of a high number of already commissioned dams in the Mekong will 
aggravate the situation further and be a threat to the ecology of the Mekong Delta and its vital function 
as a major source of food for the country of Vietnam. 
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1 Introduction 
The Mekong Delta, also called Vietnam’s rice bowl, is responsible for over 50% of the country’s food 
production (General Statistics Office of Viet Nam, 2019). In addition to its vital function in feeding 
the Vietnamese population it also provides sand as building material to the construction industry of 
the country. The scale at which the sand is extracted by mining is unsustainable and has significant 
effects on the Mekong River and its delta (Bravard et al., 2013; Brunier et al., 2014) 
The upper reaches of the Mekong river face hydraulic alterations through the construction of dams 
which alter the hydrological regime (Cochrane et al., 2014), limit the sediment supply to the delta 
(Kondolf et al., 2014; Manh et al., 2014) and disturb the aquatic system by hindering fish migration 
(Dugan et al., 2010). This situation is expected to aggravate when the 256 dams currently being under 
construction or in commission will be operational (Water, Land and Ecosystems in the Greater 
Mekong, 2019). Furthermore, groundwater extraction is increasing the risks for coastal flooding 
(Erban et al., 2014; Minderhoud et al., 2017) and salinity intrusion (Renaud et al., 2015). The 
combined result of this human interference are significant changes in the hydrology and morphology 
of the Mekong. Effects on the environment, aquatic and terrestrial ecosystems, as well as water table 
levels, were found in several studies (Kondolf, 1997; Peduzzi, 2014). 
Field surveys were conducted during April/May for the dry season and September/October of 2018 
for the wet season, respectively. The aim of the conducted field surveys was the production of a 
dataset which allows the better understanding of the accompanying hydrographic parameters as well 
as the extent and impact of the sand mining practices in the Mekong Delta. For this purpose, the focus 
area is set on a 20 km stretch of the Tien River inside the delta. Point measurements and vessel-based 
surveys depict a comprehensive dataset covering the hydrodynamic regime, sediment transport and 
bathymetry in the area.  
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2 Study area 
Passing through six countries (China, Myanmar, Thailand, Laos, Cambodia and Vietnam) the Mekong 
has a length of approximately 4,350 kilometers. Driven by precipitation from the Western North-
Pacific and Indian monsoon, the wet season sees discharges in the Mekong of up to 37,000 m
3
/s at 
Kratie (Cambodia), while the discharge is reduced to 1,600 m
3
/s during the dry season (Mekong River 
Commission, 2010). The annual discharge averages at 13,000 m
3
/s (Mekong River Commission, 
2010). This discharge together with the morphological parameters equate to estimations of 40 to 160 
Mt/yr (Milliman and Meade, 1983; Nowacki et al., 2015) of transported sediments. Sand is estimated 
to contribute 6.5 ± 1.5 Mt/yr to the total of transported sediments. Koehnken (2012) and Stephens et 
al. (2017) found the bed load transport rates at Kratie and for the Hau River branch to be < 1 to 3% of 
the local sediment transport. 
The source of the Mekong lies on the Tibetan Plateau and after the passage through the catchment 
area, the Mekong river bifurcates into the Tien River (Mekong proper) and the Hau River (Bassac) 
when approaching the delta region. From there on, it is further divided into eight distributaries 
forming the delta itself. The investigated study site expands over a 20 kilometer stretch of the Tien 
River (Fig. 1). Upstream, it extends to the city of Sa Dec and ends downstream close to the bifurcation 
spot of the Tien and Co Chien river, near the city of Vinh Long.  The discharge in the study area, lying 
downstream of the bifurcation of the Tien River and Hau River, amounts to approximately one half of 
the total discharge of the Mekong.  
3 Methods 
3.1 Field surveys 
During the measurement campaigns, point as well as profile and transect measurements during vessel-
based surveys were conducted. The point measurements included water level, turbidity, temperature 
and salinity measurements with a Conductivity-Temperature-Depth-probe (CTD), located at the 
downstream end of the study area. Furthermore, vessels were utilized to conduct measurements with a 
LISST (Laser in-situ scattering and transmissiometry), an MBES (multibeam echosounder) and an 
ADCP (acoustic Doppler current profiler). The LISST measurements allowed to assess the volumetric 
sediment concentrations and particle size distribution in the water column during down- and upcasts 
of the instrument. The bathymetry of the entire stretch of 20 km was recorded with the MBES during 
the deployment in the dry season. During the wet season surveys of areas of interest identified during 
Fig. 1. Map and bathymetry of the study area with sand mining sites, dune fields and measurement locations. Areas 
with bank erosion were extracted from historical Landsat 7 and 8 imagery using the modified normalized 
difference water index (MNDWI) (Xu, 2006). Sentinel-2 satellite data from 10/28/2018, shortly after the 
completion of the second survey, was used as background image. 
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the first campaign were repeated. This included the regular survey of bedforms with an interval of 48 
hours and the investigation of large mining pits found during the first campaign. Flow velocities were 
assessed with an ADCP during point measurements at the location of LISST casts. The characteristic 
discharge in the study area was measured by ADCP transects conducted over 48 hours during the dry 
season and 24 hours during the wet season. Water and bed soil were sampled for sediment property 
analysis and subsequent calibration of deployed sensors. Additionally, water level and flow velocity 
data recorded near the My Thuan bridge, provided by the Southern Regional Hydro-Meteorological 
Centre (SRHMC), completed the data set for the year of 2018. 
3.2 Data processing 
The recorded bathymetric data was filtered for erroneous measurements, resulting in high-resolution 
bathymetric maps interpolated onto a grid with a resolution of 1 x 1 m. Height offsets between 
datasets due to inaccuracies of the MBES (< 0.1m) were removed. To allow for comparison and 
further analysis the resulting digital elevation models (DEM) were referenced to the Earth Gravitation 
Model 2008 (EGM2008). The approach by Nittrouer et al. (2008) was utilized on the subsequent 
DEMSs of the bed forms to estimate bed load transport rates. 
A median filter was applied to the bathymetry of the entire study area recorded during the first 
measurement campaign. Corresponding to the area of individual mining sites, the filtering diameters 
were identified accordingly. By subtracting the original bathymetry from the filtered dataset, a so-
called zero-median bathymetry was produced. Applying a -1 m depth contour to the resulting DEM 
distinguishes areas where material has been excavated from the natural bathymetry. To account for 
natural variability due to bedforms or scour holes, polygons with an area of < 2,500 m
2
 were excluded 
from the calculations. The difference between the filtered bathymetry and the original dataset gives an 
estimation of the extraction volume of the sand mining sites.  
Measurements of the flow velocities with the ADCP were quality controlled and the influence of 
moving-bed conditions removed by calculating the velocities with data from external sensors, e.g. 
position and heading from the GPS. The one six-power law was used to extrapolate the cells not 
measurable by the ADCP, i.e. close to the instrument’s transducers and at the soil surface. The edge 
velocities and discharges near riverbanks were estimated in the form of a triangular shape. To acquire 
a complete hydrograph for the year 2018, a regression analysis was performed on the depth-averaged 
velocities measured at the official hydrological station near the My Thuan bridge to identify the 
relation between discharge and water level. Volumetric sediment concentrations from the LISST were 
calibrated against a total suspended solids (TSS) analysis performed on the water samples. The 
analysis of water samples followed the Standard Methods for the Examination of Waste and 
Wastewater (SMEWW) 2540 test. By calculating the product of TSS and flow velocity and 
extrapolating for the entire ADCP transect, the TSS transport was estimated. 
The atmospheric pressure, logged by a barometer, was subtracted from the pressure measurements 
from the CTD to receive the water levels. To convert the measured water levels into local height 
reference system Hon Dau 1992 and to fill gaps in the measurements, data from the My Thuan 
hydrological station was used. 
The bed sediment samples were analyzed following the ASTM International D422-63 standard to 
determine the particle size distributions. 
4 Results 
4.1 Hydrodynamics 
Located inside the tidal range of the sea, the study area experiences the interaction of riverine 
discharge with tidal currents. The tidal regime is of mixed, semidiurnal nature. There are large 
differences between the wet and dry season evident. In the wet season, the currents are mostly directed 
towards the ocean, while during the dry season the regime is clearly bidirectional. For the year 2018 
the instantaneous discharge is found to range between around-15,000 and 28,400 m
3
/s (Fig. 2) (Jordan 
et al., in press); negative values are indicating the upstream flow direction. Averaging the 




/s. Relating the water year of 2018 to the mean from 2009-2016 (Thi Ha et al., 2018) 
reveals that the wet season in 2018 saw higher than usual discharge. 
Fig. 3. Measured water levels for the dry and wet season 2018 (see location of CTD in Fig. 1). (a): Water levels 
measured during the dry season survey 2018. (b): Water levels measured during the wet season survey 2018. 
(c): Water levels at My Thuan hydrological station for the year 2018, provided by the SRHMC. 
Fig. 2. Measured discharges for the dry and wet season 2018 along ADCP transects C-D, E-F, and G-H (see location in 
Fig. 1 and panel (d) and (e)). (a): Discharges measured during the dry season survey 2018. (b): Discharges 
measured during the wet season survey 2018. (c): Hydrograph for the year 2018. (d): Depth-averaged flow 
velocities along transects C-D, E-F and G-H for 4/25/2018, 06:12 UTC. (e): Depth-averaged flow velocities 
along transects C-D, E-F and G-H for 09/24/2018, 14:37 UTC. Data for (c) is based on a regression analysis of 
continuously measured depth-averaged velocities and discharge measurements conducted along transect C-D, as 
shown in (a) and (b). Depth-averaged velocities were provided by the SRHMC. 
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On average the discharge from August to October is higher by 500 m³/s compared with the 
corresponding averages during 2009-2016. The peak velocities recorded during the measuring periods 
are displayed in Figure 2 d & e. During the dry season, the depth-averaged velocities midst the ebb 
flow reach 0.75 m/s at maximum, in the wet season there is no flood stream evident and the 
downstream directed flow reaches 1.5 m/s at maximum. The tidal range was observed to exceed 1.7 m 
during the dry season and fall below 1.4 m during the wet season, respectively (Jordan et al., in press). 
The fall in the wet season is accompanied by an increase in the still water level (Fig. 3). 
4.2 Morphodynamics 
The bed largely consists of fine to medium sands (Fig. 4). Median grain-size (D50) increases near 
deep scour holes, while a higher mud content is found near shallow riverbanks (Jordan et al., in press). 
Deep scour holes are found in the study area, where the water depths locally exceed 50 m. Steep 
slopes with angles of > 50° are found in the proximity of riverbanks. As a consequence of this, bank 
failures may occur due to the excessive shear stresses in the underwater slopes. Massive bank erosion 
is observed by analyzing satellite images from 2003 to 2017 of the study region (Fig. 1). For improved 
documentation a river marker is introduced to maps of the study area, originating at the My Thuan 
bridge. The bank at RKM 11 to 16 is heavily impacted by bank failure. More than 1.86 km
2
 of land 
was lost to erosion in the entire study area between January 2003 and January 2017 (Jordan et al., in 
press). To protect the banks from further erosion, groin fields were installed perpendicular to the river 
flow. Additionally, revetments were constructed to protect urbanized areas endangered by erosion.  
The direction of transport of suspended matter during the survey in the dry season was found to be 
guided by the tide, with the transport directed upstream during the flood stream and downstream 
during the ebb stream. For transects A-B the maximum measured transport rates were found to be 
approximately 600 kg/s during the dry season, while a massive increase to a transport rate of 
approximately 2450 kg/s was observed during the wet season (Jordan et al., in press). In contrast to 
the dry season, the transport throughout the survey in the wet season was exclusively directed 
downstream. Bed load transport rates calculated from the first and last bathymetric map in the wet 
season were observed at 2.81 kg/s (Fig. 5) (Jordan et al., in press).  
By subtracting the original bathymetry from the filtered bathymetry, the extraction volumes of the 
entire area were calculated with a total sum of over 4.6 M m
3 
(Jordan et al., in press). Single mining 
sites contributed up to 1.30 M m
3
 to the total. Assuming a porosity of 30 % and 2,650 kg/m
3
, the total 
volume equates to a mass of over 8.6 M m
3
 being excavated from the bed in the studied area. 
Comparing the transport rate to the excavated mass shows a massive disbalance. Even when applying 
the highest observed transport rate of 9.61 kg/s (from 10/08/2018 to 10/10/2018), this would only 
amount to an annual bed load transport of around 0.16 M m
3
 (Jordan et al., in press). 
Fig. 4. Grain size distributions of exemplary bed sediment samples (see locations in Fig. 1.). 
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 Fig. 5. Bathymetric changes and associated bed load transport rates within dune field DF01 (see location in Fig. 1) 
during the wet season survey 2018. (a): Bathymetric map of dune field DF01 on 10/02/2018. (b): Cumulative 
erosion (red) and sedimentation (blue) within dune field DF01 from October 2 to 10, 2018. (c): Migration of 
dunes along cross-section I-J (see panel (a)) during the wet season 2018. 
5 Discussion 
Measurements in nature are typically characterized by a high variability, in consequence it proves 
difficult to analyze the underlying processes with absolute certainty. The uncertainty in bathymetric 
measurements, which this work relies on heavily, arise from the accuracy inherent to the instrument, 
the quality of the setup, data quality of outer sensors, i.e. GPS position and heading precision and 
outer influences, e.g. engine noise and vibrations or matter inundating the instrument’s transducers. 
Thus, under recognition of these limitations, the viability of the recorded data and subsequent 
calculations need to be discussed.  
A more detailed look at the calculated transport rates as shown in Tab. 1 indicates the variability 
found in the approach by Nittrouer et al. (2008) applied to the measured bathymetry. Proportionately 
averaging the transport rates calculated during the 3 shorter time frames (1 - 3) gives a rate of 
4.49 kg/s which does not compare favorably to the directly calculated rate between the DEMs from 
the 10/02/2018 and the 10/10/2018. This infers that more data is needed to establish the applicability 
of the approach by Nittrouer et al. (2008) to the data at hand. Still, the order of magnitude of the 
calculated bed load transport rates allows the authors to verify the assumption that bed load transport 
rates are orders of magnitude too low to allow an equalized balance between excavated material and 
refilling by the naturally occurring transportation of sediment. Focusing the efforts of this 
measurement campaign on the region of the Mekong where sand mining is a prevalent also meant that 
the results for the transport rates are not representative of the situation without the disturbance of the 
hydro- and morphology by the sand mining vessels. Nevertheless, the calculated bed load transport 
rates are in agreement with the results of previous studies (Stephens et al., 2017). 
 
Tab. 1. Bed load transport rates calculated following Nittrouer et al. (2008). 
Interval Date Transport rate [kg/s] 
1 10/02/18 – 10/06/18 1.66 
2 10/06/18 – 10/08/18 5.04 
3 10/08/18 – 10/10/18 9.61 
4 10/02/18 – 10/10/18 2.81 
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Regarding the calculated masses of excavated materials in the study area, the interpolated median 
filtered geometry will not be without fault due to the multitude of processes governing the formation 
of the riverbed. To avoid identifying natural formations as sand mining site, sites identified by the 
algorithm with an area of less than 2,500 m
2
 have not been included in the total sum of excavated 
volume. Thus, the volume of excavated material is possibly underestimated.  
Another uncertainty arises through the possible deposition of suspended load in the mining pits. 
The mining pits enlarge the cross-section available for the discharge, thus reducing flow velocities and 
possibly allowing larger grain fractions that are in suspension to deposit. The sediment in the study 
area consists mostly of fine to medium sands as shown in the results section. Hjulström (1935) states 
that for grains with a size < 1 mm to deposit, the flow velocity needs to be less than 0.1 m/s. To assess 
if these conditions are given in the mining pits, ADCP transects which intersect with mining pits are 
computed. It is exemplarily shown in Figure 7 that the velocities are not lowered by the enlargement 
of the flow area to levels which would allow the sediment to settle. 
The study mostly concentrates on the conditions found during the study period. Individual 
hydrological events, e.g. floods resulting from storm events are not investigated as part of this study. 
Regarding the possibility that these flood events could replenish the mining pits at a higher rate, the 
regulating effect of the dams and furthermore the possibility that storms even reduce the sediment 
input (Darby et al., 2016) need to be taken into consideration. 
Despite the stated limitations, it is to be highlighted that this dataset and analysis is unique in such 
that it is the first to use high-resolution bathymetric data. Previous attempts at quantifying the material 
excavated due to sand mining used remote sensing techniques and questionnaires (Bravard et al., 
2013) or low-resolution bathymetric data (Brunier et al., 2014). The bathymetric dataset used in this 
work is comprised of more than 2.5 billion measured points for the 20 km study area acquired by the 
MBES, in comparison Brunier et al. (2014) worked with a dataset comprised of 14,000 points for the 
400 km of waterways in the delta. This considerable difference in data density and level of detail also 
emphasizes the difference in the approaches. 
6 Conclusion 
A comprehensive measurement campaign was conducted in the Mekong, i.e. in a region in which 
explosive economic growth and overexploitation of nature’s resources go hand in hand. Changes to 
the Mekong’s run in the form of dams alternated the hydrodynamics and reduced the sediment supply 
of the river to the lower reaches. In consequence, bank erosion and a diminished sediment supply are 
significant problems for the Mekong Delta which relies on a source of sediments for its land 
reclamation.  
Fig. 6. Flow velocities from ADCP transects intersecting with mining pits. The data for intersect A-B was recorded on 
05/17/2018 ~23:55 (UTC) and for C-D on 05/18/2018 ~04:15 (UTC). 
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Exasperating this problem are the observed sand mining processes. The amount of sediment 
excavated from the study area is estimated at around 8.6 M t, pitted against the annual bed load 
transport rate of about 0.16 M t as a major source of replenishment for the mining holes; the 
disbalance displays the magnitude of overexploitation of sand resources, which was not reported to 
this extent before. 
Consequently, future efforts should be made in monitoring the development of the Mekong and its 
delta. Expanding the investigations on several regions should give a foundation from which 
recommendations for the sand mining practices can be formulated. Certainly, these recommendations 
will need to incorporate economic as well as ecological demands in their formation to ensure the 
health of the delta as well as the wellbeing of the local and entire country’s population. 
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